Capabilities of tumor detection by different optical methods can be significantly improved by labeling of tumors with fluorescent markers. Creation of tumor cell lines transfected with fluorescent proteins provides the possibility not only to detect tumor, but also to conduct the intravital monitoring studies. Cell lines of human melanomas Mel-P, Mel-Kor and human embryonic kidney HEK-293 Phoenix were transfected with DsRed-Express and Turbo-RFP genes. Emission of RFP in the long-wave optical range permits detection of the deeply located tumors, which is essential for whole-body imaging. Only special tools for turbid media imaging, such as fluorescent diffusion tomography (FDT), enable noninvasive investigation of the internal structure of biological tissue. FDT setup for monitoring of tumor growth in small animals has been created. An animal is scanned in the transilluminative configuration by low-frequency modulated light (1 kHz) from Nd:YAG laser with second harmonic generation at the 532 nm wavelength. An optimizing algorithm for scanning of an experimantal animal is suggested. In vivo experiments were conducted immediately after the subcutaneously injection of fluorescing cells into small animals. It was shown that FDT method allows to detect the presence of fluorescent cells in small animals and can be used for monitoring of tumor growth and anticancer drug responce.
INTRODUCTION
Fluorescent imaging based on specific marking of tumors is widely used in experimental oncology. Generally, fluorescent agents are selectively accumulated in cancer cells due to their chemical nature or through binding with specific proteins such as antibodies for tumor antigens. The capability to introduce genes of especial class of fluorophores -fluorescent proteins (FPs) into cells allows appearance of new method -genetic marking. Fluorescence ability of FPs persists for the whole life of cancer cells and remains after cell division. As a result an opportunity appears to estimate tumor growth rate, to study mechanism of carcinogenesis and metastasis formation, to investigate the safety and efficacy of intervention of novel therapeutics [1] [2] . Moreover using of FPs avoids the problem of purifying, tagging, and introducing labeled proteins into cells or the task of producing specific antibodies for antigens. Recently а new group of FPs -red fluorescent proteins (RFP) -has been isolated and became useful as markers for whole-body biological imaging. Fluorescence spectrum of these proteins is shifted into relatively long-wave part of spectrum (~580 nm) that is promising for object visualization at depths up to 1-2 cm with millimeter resolution [3] , therefore RFP-labeled tumors a the most appropriate model for whole-body investigations.
Different types of fluorescent tomography, time-domain (TD), frequency-domain (FD), and continuous wave (CW) accounts for the diffusive propagation of photons in tissue [4] [5] [6] [7] [8] [9] [10] [11] [12] . Using theoretical models of photon propagation in tissues and subsequent mathematical inversion permit one to determine with high resolution real boundaries of tumors located deep in animal. These techniques were used for investigation of the distribution of near-infrared fluorescent probes. Only a few works are devoted to fluorescence tomography in visible light [11] [12] . Highly sensitive systems are required for detection of fluorescence light from large depths (>3-4 mm) due to high absorption of biological tissue in this spectrum range. In our work we used cooled photomultiplier tube and mechanical scanning system instead of cooled charge-coupled device (CCD). Using a CCD alows to collect data from many source-detector positions [9] . But a CCD with analogous sensitivity is very expensive and doesn't allow to use modulated light. Moreover, the use of large raw
data volume (10 5 -10 8 points) for 3D reconstruction is time-consuming or needs in significant simplificstion of the theoretical model. If programmable detector position is applied, one can set an optimal law of source-detector travel and obtain data volume sufficient for 3D reconstruction. In our experiments an experimental animal was scanned using the following algorithm ( Fig. 1 ): 1) obtaining a review image of an animal with large step sizes (source and detector are moving synchronously), 2) selecting fluorescing region, 3) scanning of the selected region with small step sizes and different shifts between source and detector. The last procedure provides information for 3D reconstruction. In this work, results of our first in vivo experiments with small animals using the FDT experimental setup with lowfrequency modulation and transilluminative configuration of scanning are reported. TurboRFP-and DsRed-Express-HEK293 cell lines were used in FDT experiments. The ability of the FDT method to detect the presence of fluorescentmarked cells in animal body and to conduct monitoring experiments was demonstrated. 3D tumor reconstruction in model and in vivo experiments was performed.
MATERIALS AND METHOD

FDT experimental setup
Experiments with FDT were performed using FPs from the red fluorescent proteins family: DsRed2, DsRed-Express and TurboRFP. These proteins have similar positions of fluorescence maximums in the red-orange spectrum region and are suitable for whole-body imaging. Low-frequency modulated light (f 0 =1 kHz) from Nd:YAG laser with second harmonic generation at the wavelength of 532 nm, which is close to the absorption maximum of RFPs, was used in the experimental setup (Fig. 2,3 ). The power on the investigated object was 20 mW, beam diameter 1.5 mm, aperture of the detector 1.5 mm, and numerical aperture of the detector 0.22. A dichroic mirror was installed behind the input diaphragm in order to separate emission (540-650 nm) and excitation (532 nm) light transmitted through experimental animal. As a detector of fluorescent light we used a high-sensitivity cooled photomultiplier tube (PMT) Hamamatsu H7422-20. The suppression of excitation spectra at the detector's input of PMT module was equivalent to 6 optical densities. This value was achieved by using a combination of interferometric filters. During the experiment an animal is placed vertically in the container consisting of the supporting and covering glass plate that is slightly pressed to fix an animal. The distance between the plates is about 1 cm. Synchronous scanning of the object in the transilluminative configuration is providing by a single pair of source and detector set in motion by stepping motors. 
Reconstruction of the fluorophore concentration
Theoretical model of fluorescent signal was obtained using diffusion approximation of Radiative Transport Equation.
In this approach fluorescence signal can be written as follows r r r r r r r r
here detector and source coordinates, r d and r s , fluorophore distribution (product of absorption cross-section and fluorescence quantum yield), Σ(r), PSF is a point-spread function which defines fluorescence response measured at the distance | r d -r | from a point fluorophore located at the distance | r -r s | from a source ( )
Here α 1,2 are diffusion attenuation coefficients for excitation and fluorescence light, respectively, and A accounts for boundaries. To solve the inverse task for equation (1) one can write this equation in discret form:
.N -number of voxels of unknown fluorophore distribution, i = 1..M -projection number (number of raw data for source and detector r si and r di coordinates). The main features of matrix PSF are well-known: big size (usually N>10 4 ); bad conditionality (about 10 17 ); no zero elements; positively defined, but (if N=M) asymmetrical. Unfortunately, such methods like Gauss, inversion of matrix PSF, determination of eigenvectors, etc. are not applicable for solving the inverse task of (3). This fact is conditioned with large size of a matrix and computational complexity of these algorithms is O(N 3 ). Therefor iteration algorithms are usually used for solving (3) . Algebraic Reconstruction Technique (ART) [9, 13, 14] is one of the main methods for 3D reconstruction in X-ray and optical tomography. It is based on the Kaczmarz method (and its modifications). The idea of this method is consecutive projection of initial approximation to the convex sets. Iteration equation for ART can be written in the following form: 
Fluorescent proteins:
Properties of fluorescent proteins used in this work are shown in Table 1 . Proteins have similar positions of fluorescence maximums in the red-orange spectrum region and are suitable for whole-body imaging. TurboRFP has quantum yield and extinction coefficient higher than DsRed2 and it is about twice brighter than DsRed2. Moreover, fast TurboRFP and DsRed-Express maturation makes them clearly detectable after transfection in mammalian cells earlier than DsRed2. Fig. 4(a, c) .
RESULTS
A series of model and in vivo experiments were conducted using the described above experimental FDT setup. . A glass capsule with internal diameter of 2.5 mm containing DsRed2 with concentration 10 -6 M/l was placed in the center of the box. Bulk solution was added to the DsRed2 to provide the scattering parameters in the capsule like those in the surrounding medium.
Model experiment
In vivo experiments
Whole-body FDT experiments were performed using HEK-293 cells transfected with red fluorescent proteins. A suspension of fluorescing HEK293 cells was injected subcutaneously to female 12-week old nude mouse. Before the experiment, the anaesthetized animal was fixed on the supporting plate of the container. In experiments with TurboRFP 50 µl of suspension contained 1.7 million of cells was used. The FDT data of mouse before the injection of HEK-293-TurboRFР suspension, immediately after, as well as in 24 and 48 hours later, were obtained (Fig. 6) . The results of 3D reconstruction in the in vivo experiments are shown in Fig 7. In this series of experiments we used 50 µl of suspension contained 50 000 HEK293-TurboRFP cells. As it is shown from the results of the reconstruction, the concentration of the fluorophore is higher on the surface of the animal, namely in the injection area. The results of 3D reconstruction in in vivo experiments with histological approval we plan to provide in our following experiments. 
CONCLUSION
The results of this experiment demonstrate the ability of the FDT method to detect the presence of fluorescent-marked cells in small animal body, to perform 3D tumor reconstruction and to conduct monitoring experiments. Results of this study may be used for investigation of tumor growth and metastasis formation mechanisms, as well as for estimation of therapeutic responces. For conducting of the long-time monitoring investigations we plan to use stably transfected cell lines, that don't lose ability for FPs expression during the long period. For increasing of the selectivity of the system we also plan to use short pulses of laser light and to measure the life-time of the fluorophore.
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